The objective of this study was to access/identify the effects of phosphorus (P) restriction as a result of non-inclusion of monocalcium phosphate on broiler's diet after 21 d of age and the use of high doses of phytase (PHY). Broilers were divided into 4 treatments: positive control (PC), with phosphate inclusion; with phytase (WPHY), a reduction of 0.15% of available P and calcium (Ca) with the inclusion of 1,000 FYT; and 2 treatments with P restriction starting at 21 d of age: Without phosphate (WoP) and without phosphate supplemented with 4,000 FYT PHY (WoP+4000 FYT). Broilers performance (WG, FI, and FCR) and bone characteristics (bone weight, mineral residue, and Ca and P ratio) were assessed at 41 d of age. In relation to performance, the exclusion of monocalcium phosphate from the diet resulted in worse WG and FCR. However, the inclusion of higher PHY dose (WoP+4000 FYT) overcame the mineral deficiency, and performance was similar to treatments that met bird's mineral requirements (PC and WPHY). The treatment with mineral restriction (WoP) had the worst results in every bone quality assessment. However, broilers of WoP+4000 FYT group had bone parameters similar to PC and WPHY. Therefore, removing phosphate in grower and finishing phases has negative impacts on broiler's performance and bone conformation, but adding high phytase dosage (4,000 FYT) overcome this damages.
degenerations come out with rupture of gastrocnemius tendon, pododermatitis and degenerative joint disease. In the same way, imbalance diets were associated to rickets and TD. The importance of skeletal system health was observed with its impact on poultry industry. Among the disorders related to rapid growth, bone weakness and other bone problems are the costliest disorders due to chronicity, decreased feed intake, high condemnation rates in the slaughter plant, and quality loss of products [2] .
Available phosphorus (AP) and calcium (Ca) are fundamental for growth and bone formation and are responsible for its rigidity and compressive strength [1] . Their availability in diets, however, is compromised. Phosphorus (P) in plant ingredients is present as phytate which forms complexes with multivalent cations, such as Ca, to produce insoluble salts [3] . Inorganic sources of P are a substantial parcel of the feed cost and are exhaustible, and nutritional strategies become necessary to improve the use of this mineral, reduce excretion, avoid overdosing [4] , and also to decrease costs. These practices include the use of marginal or low P levels in the feed and inclusion of phytase (PHY) enzyme. The effect of PHY on the availability of P and Ca is well known, improving bone quality, as it increases bone weight and ash concentration, which could be measured, for instance, with increase in tibia's resistance to breakage [5] . In contrast, P restriction in diets has inconsistent results, being influenced by the age when the restriction is applied, the diet used in previous stages, and the degree of the mineral's decrease.
Structural system problems lead to production and economic losses, and several studies have associated low bone mineralization in broilers to diets that do not meet their mineral requirements [6] [7] [8] . Thus, the objective of this study was to analyze the effect of P and Ca restriction during the grower and final period on performance and bone characteristics, as well as the effect of a high dose of PHY on this restriction.
MATERIAL AND METHODS
This study was approved by the Ethics Committee on Animal Use (CEUA SCA) of the Federal University of Paraná, and was carried out in the experimental poultry house of the Federal University of Paraná, in the Canguiri Farm in Pinhais, state of Paraná, Brazil.
Birds and Management
The study included a total of 792 male Ross R broilers, distributed on a completely randomized design in 4 treatments, with 9 replicates with 22 birds each. Birds were raised from 1st to 41st day of age in 2.25-m 2 floor pens with first use of wood shavings litter. Each pen was considered as 1 replicate. Birds had water and feed ad libitum in bell drinkers and tube feeders. Light management provided 24 h of light during the first 12 d and 12 h of light from 13 to 41 d of age. Temperature was controlled to maintain between 29
• C and 32
• C in the first week and then decreased by 2
• C every 7 d until reaching 21
• C to 24
• C.
Experimental Diets
Formulation of the experimental diets was based on 4 development phases: pre-starter (1 to 7 d of age), starter (8 to 21 d), grower (22 to 35 d), and finisher (36 to 41 d). Corn and soybean meal diets were given on mashed form. Treatments consisted of a positive control (PC) group, with P and Ca supplemented to meet bird's requirements according to Brazilian tables for poultry and swine [9] . Second treatment was with phytase (WPHY), which had 1,000 FYT PHY addition and, as PC diets, it expected to meet broilers requirement levels [9] . WPHY diets were calculated to reduce P and Ca mineral sources following the enzyme nutritional matrix, resulting in a decrease of 0.15% Ca and AP compared the PC diet (Tables 1 and 2 ). In the 2 other treatments, there were differences between diets provided in the pre-starter and starter (1 to 21 d) and in the grower and finisher (22 to 41 d) phases. Birds fed with without phosphate (WoP) treatment received PC diet from 1 to 21 d, and had P and Ca restrictions from 22 to 41 d by total removal of monocalcium phosphate. This removal of phosphate in WoP diets resulted in a reduction of 0.3% AP and 0.24% Ca in the grower period, and 0.24% AP and 0.25% Ca in the finisher period (Table 2 ). In the fourth treatment, without phosphate with high dose of phytase (WoP+4000 FYT), the diet was equal to WPHY treatment until 21 day old, but, after this period, birds were feed with diets without P supplementation and with a high dose of phytase (4,000 FYT). Thus, all 4 treatments aimed to achieve nutritional requirements up to 21 days old, although WoP and WoP+4000 FYT groups had an extreme reduction of P and Ca in grower and finisher period. However, the high PHY dosage in the WoP+4000 FYT group tried to overcome mineral deprivation. In relation to the basal diet (PC) ( Table 2) , both P and Ca were reduced in the diets with 1,000 FYT PHY, considering the enzyme matrix suggested by the manufacturer, the result was a 0.15% decrease of Ca and AP. The microgranulated form of Ronozyme R HiPhos (M) 
Performance
To evaluate bird's performance, the feed that was provided and the leftovers in the feeders were weighed both at the beginning and the end of the trial. This information was used to calculate feed intake (FI) and weight gain (WG). FCR was obtained by the ratio FI/WG (g/g). Mortality numbers and their weights were used to correct FI and WG.
Bone Analyses
The tibia weight, amount of bone ashes (BA), Ca, and P were the variables used to evaluate the bone quality. A total of 18 birds per treatment (2 birds per replicate) were euthanized by cervical dislocation at day 41, and their right tibia was collected to determine the mineral content. The collected bones were boiled to remove muscle tissue and tendons, defatted with ether during 24 h, and dried in an oven at 65
• C during 24 h. After drying, bones were weighed and referred to determine the mineral content. For this, bones were burned in muffle at 600
• C. Ash, Ca, and P were analyzed according to the AOAC (method 942.05; 927.02; 965.17; respectively) [11] .
Statistical Analyses
This trial used a completely randomized design. Pen average of 22 birds was the experimental unit for performance measurements. Individual tibia was considered as an experimental unit for bone responses, and 18 tibias were used from 18 broilers per treatment. Data were submitted to SAS [12] for variance analysis and when significant, averages were compared by Tukey's test (P < 0.05) and also by Dunnett's test (P < 0.05). WPHY treatment was used as a control to Dunnett's test.
RESULTS AND DISCUSSION

Performance
Broiler's performance in the various treatment groups is presented in Table 3 . Feed intake was not influenced by the treatments (P > 0.05). Birds with Ca and P restrictions starting at 22 d of age (WoP) had lower weight gain at 41 d of age (P = 0.003) than PC and WoP+4000 FYT compared by Tukey's test. Also, when compared by Dunnet's test, birds of the treatment WoP treatment had lower WG than the birds of WPHY treatment. However, if 4,000 FYT of PHY was added to diets with this profile (WoP+4000 FYT), weight gain was maintained in the same way as in the control group (PC) and WPHY. This statement is supported by the broilers of WoP+4000 FYT group that showed similar weight gain than PC and WPHY by Tukey's test. They also did not show difference of WPHY by Dunnett's test. Birds fed the diet without the addition of rock phosphate (WoP) starting at 22 Birds fed the diet without phosphate and with 4,000 FYT phytase (WoP+4000 FYT) had higher weight gain than broilers fed without PHY addition (WoP). This could be a result of PHY extra-phosphoric effects, besides the higher P and Ca availability [13] and reduction of phytate and its anti-nutritional factors. These effects include improved digestibility of amino acids [13] [14] [15] ; higher Na retention that can be associated with higher digestibility of amino acids and energy utilization, due to glucose and amino acids co-absorption by the Na and K pump [16] . Besides this, the release of myo-inositol molecule is thought to have positive effects, although they have not been confirmed yet. To isolate the effects of each of these factors on animals' performance is quite complex, as well as to evaluate separately the P reduction, PHY utilization, and dosage effects. Cowienson and coworkers [17] argue that extra-phosphoric effects of PHY in broilers nutrition and health should be taken into consideration by the industry, as well as the values of the PHY nutritional matrix and formulation of least-cost feed when setting up the nutritional strategies for each flock.
The presented results suggest, also, that reserves of Ca and P formed during the first weeks of life are not able to protect against severe restrictions in subsequent growth phases. This finding contrasted with Angel's statement [18] that feeding sufficient P during initial phases leads to a P reserve in the bone of broilers that could be used to meet P needs during later phases restriction's. Also, it was observed that feeding sufficient amount of Ca and P until withdrawal phase and removing most of the Ca and any added non-phytate phosphorus (nPP) in the withdrawal period did not affect broilers performance [19] [20] [21] . However, current data showed different response if the restriction starts in the grower phase.
It has already been reported that marginal levels of P and Ca in broiler starter feeds can result in adaptations, such as an increase in the intestinal transporters of these minerals, leading to a higher apparent ileal digestibility and improving digestive efficiency in the following phases [4, 5] . Results obtained in the present study, however, suggest that these adaptations can vary depending on the intensity of mineral restriction and the period involved. As performance was compromised until the slaughter age in WoP, the removal of inorganic phosphate supplementation during the grower phase appears to not enhance mineral digestibility.
Bone Analyses
The weight, mineral residue, Ca, and P amount in tibia are presented in Table 4 . Noninclusion of monocalcium phosphate in feeds after 21 days of age reduced broiler's bone quality, evaluated by tibia's weight and percentage of mineral residue, Ca and P in the bone (P < 0.05). This result demonstrates that even when levels JAPR: Research Report are adequate in pre-starter and starter phases, maintenance of bone quality until slaughter age is not assured. In the WoP+4000 FYT treatment, however, the high dose of PHY seemed to reduce losses caused by low Ca and P levels in the feed, as in all analyzed variables the treatment had results similar to those achieved with Ca and P levels considered to be ideal (PC and WPHY) and also higher parameters than the treatment WoP. Evaluation of performance isolated is not considered as a good parameter to determine broilers AP requirements [22, 23] . Even with lower levels of non-phytic P in the grower and finisher phases (0.27% to 0.10% AP), Dhandu and Angel did not observe difference in performance [24] . However, they reported a significant reduction in tibia ash content (P < 0.05) in the treatments with 0.13% and 0.10% nPP. If evaluated moderate restrictions of the mineral performance seemed a rough parameter, once, bone characteristics should be taken into account [25] . Between bone evaluation, weight and ash percentage are more sensitive parameters than stress, modulus of elasticity, and breaking force [24] . In addition, at 35 d of age, ash percentage in the tibia has a strong negative correlation with the incidence of fractures in tibia, femur, and clavicle, and breast hematomas in carcasses of the same age [26] . Hence, tibia ash percentage can be used as an indirect evaluation of rejected parts in the slaughter plant.
Although phytate does not have a high affinity with Ca as with other minerals, as Cu, Zn, and Fe [27] , the important complexation with this mineral is due to the large amount of Ca in the diet and intestinal content of birds [28] . This complexation with Ca is so important that requirements increase by 0.5% to 0.95% when 1.25% phytate is present in broiler feed, therefore the apparent Ca requirement will vary due to the phytic acid concentration in the diet [29] . Calcium is a critical mineral for bone development and influences performance. It was found in the present study that birds fed P-and Ca-deficient diets (WoP) had lower mineral retention in the bones and performance when compared to broilers fed diets that met the requirements. Liu et al. [16] obtained similar results and also found that bone retention of P and Ca had a positive correlation with WG (r = 0.353, P < 0.03, and r = 0.455, P < 0.005, respectively) and a negative correlation with broilers FCR (r = −0.551, P < 0.001 and r = −0.556, P < 0.001, respectively).
The lower performance and bone quality observed in the WoP treatment group can be a result not only of the P amount, lower than the requirement, but of an imbalance in the Ca:P ratio as well. This changes mineral absorption and utilization, so the bone structure cannot be well formed [30] . Li et al. [31] reported that diets with low P (0.27%) and normal Ca (1.10%) (Ca:AP = 4.1) levels resulted in lower ash percentage than birds fed with lower levels of both minerals, but had a Ca:P ratio closer to the ideal (0.27% AP, 0.6% Ca, Ca:P = 2.2). This effect can occur as high Ca:AP ratios facilitate the formation of tricalcium phosphate in the gastrointestinal tract of animals, which is insoluble and therefore excreted without being used [32] . Delizie et al. [33] also found that high Ca:P ratios resulted in worse weight gain and intake, and PHY supplementation (2,000 FTU) of diets with an imbalanced ratio improved the tibia ash amount, similarly to the effect found with high PHY dose in the WoP+4000 FYT treatment.
Treatment without rock phosphate and with PHY superdosing (WoP+4000 FYT) showed Ca and P retention in bones similar to treatments that met P requirements (PC and WPHY) and equivalent performance, indicating that the high dose of this enzyme was efficient in hydrolyzing the phytate molecule. Thus, P was released in amounts that were sufficient to minimize the effects of phosphate removal and to increase Ca availability. These results are in agreement with those reported by Maobhavan et al. [13] , as they found that broilers with P restriction had better performance and bone quality when fed diets with high doses of PHY (2,500 FTU and 5,000 FTU).
It has already been shown that using high doses of PHY is an alternative for higher P and Ca reductions, and WG, FCR, metabolizable energy, N, P, Ca, Na, Fe, and Mg absorption from the diet are better than those obtained with mineral supplementation [16] . As to bone mineral retention in tibias, the same study showed that adding high doses of PHY overcame P and Ca reduction, resulting in even higher proportions of P and Zn in the tibia than the PC treatment.
CONCLUSIONS AND APPLICATIONS
1. Removing phosphate only in broilers grower and finishing phases has negative impacts on performance and bone conformation, and it does not seem to be a beneficial practice as a way to reduce the use of inorganic P. 2. It was shown that adding high dosage of PHY (4,000 FYT) overcame the results caused to broilers by the total removal of monocalcium phosphate after 21 d. Hence, it provided weight gain, feed conversion, and bone quality indices similar to those of animals fed with ideal mineral levels.
